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(54) Abstract title 

Insulating between pixels In an organic electroluminescent device 

(57) During manufacture of an organic EL matrix, ribs 9 are formed on an Indium tin oxide electrode layer 3 
and then the multilayer organic electroluminescent layer 5 and electrode layer 6 are deposited. Providing 
plural ribs between adjacent pixels ensures insulation. The multilayer electroluminescent layer Is preferably 
CuPc 5(a), ct-NPD 5(b) and Alq 3 5(c). 
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: EL DEVICE AND 
MANUFACTURING SAME 



electroluminescent 



(hereinafter referred to as •«,') device and a method for 
manufacturing the .««,. and more particularly to an organic EL 
device constructed of a thin «im ^* . organic el 

„,„,. ,_ " tnln fUjn 01 an organic compound material 

emitting light due to Injection of positive holes and electrons 
and recombination therebetween while utilising 



manufacturing the same. 



. — wuaki -«wwcu into a laminate 

^UTT, 1 ","" 1 * • thl " fl1 " fining • ""orescent organic 
compound is Interposed between anodes and cathodes . In til 

organic El device thus constructed, positive holes and electrons 

Z Jl V lnt ° ^ thi " £llm ' t0 »» recomblned 

together, leading to production of excltons. resulting in display 
being carried out utilizina n nh * ,„ aispiay 

or the like. J^f "9 "*t (fluorescence, phosphorescence 



^ it, > — * v^uuic^ence, pnosphore 

thereL ' en, " ted £r0n ^ d « ln ° activation 



with . <= NOM ' ' CO " VentloM1 ° r 9a»lc «. device will be described 

with reference to Fig, 6. ea 

•ncludes A a " 9M1C EL d8VlCe ****** at reference numeral 101 
includes a glass substrate 102 made of an insulating and 
,ranspare„t material, on which anodes 103 in the form of a 

arranoed e in "T" ~* ° £ M1W '"01 are 

"rloe It ' Predete °' 1 " e ' i »•"•» -<* as. for example, a 

TZT,' T ■ 0r9Mle Et devl ~ also ihduoes an 

organic EL layer 105 formed of a thin tUa maae o£ „ 

compound and arranged on the anodes 103. The organic EL layer 

formed T' " '""^ ^ ° r9aDl = EL ^ 105 Is 

formed thereon with cathodes 105. which are made of a thin film 
of metal such as Al-Ll »r «.» „ 

laver los in - * * a " d """gad •» the organic EL 

layer 105 In a predetermined pattern. The cathodes 106 may be 
arranged in for example, a strlpe-lifce pattern which cooperate, 
matrix ° £ «" anodes 103 to define I 
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In the organic EL device thus constructed, the cathodes 
106 are typically formed by PVD such as molecular beam 
deposition, resistance heating or the like. In the conventional 
organic EL device shown in Fig. 6, the organic EL layer 105 is 
covered on a portion thereof on which the cathodes 106 are not to 
be arranged with masks 112 during formation of the cathodes 106, 
so that deposition of the cathodes 106 is carried out from above 
the masks 112. This permits the cathodes 106 to be formed on a 
portion of the organic EL layer 105 which are not covered with 
the masks 112, leading to patterning of the cathodes 106. 

Unfortunately, formation of the cathodes 106 using the 
masks 112 requires to increase both dimensional accuracy of the 
masks 112 and accuracy of positioning of the masks 112 necessary 
to positlonally correspond the cathodes 106 to the anodes 103. 
In particular, in formation of a fine pattern wherein the 
cathodes 106 are arranged in a complicated manner rather than the 
above -described stripe-like manner defining the matrix, it is 
required to further increase dimensional accuracy of the masks 
112. 

Also, formation of the cathodes 106 by means of the masks 
112 tends to cause a material for the cathodes 106 to enter or 
intrude into a portion of the organic EL layer 105 on which 
formation of the cathodes is not desired such as the portion of 
the organic EL layer 105 covered with the masks 112 and the like 
during formation of the cathodes 106. This often leads to short- 
circuiting between the cathodes 106 which must be electrically 
separated from each other. 

In order to solve the problem, it is proposed to arrange 
a rib 109 between each adjacent two of the cathodes 106 to 
separate the cathodes from each other for insulation 
therebetween, as shown in each of Figs. 7(a) to 7(c). 

In Fig. 7(a), the anodes 103 are previously formed 
thereon with the ribs 109 and then the organic EL layer 105 is 
formed on the anodes 103. followed by formation of the cathodes 
106. The cathodes 106 are deposited on the organic EL layer 105 
while being separated from each other through the ribs 109. Such 
formation of the cathodes 106 by means of the ribs 109 increases 
both dimensional accuracy and positioning accuracy of the 
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cathodes as oonpare(J Klth thMe by of ^ Msks 

However, in formation of the cathodes 10< using the ribs 
109 shown in Pig. 7(a). the cathodes which must be separated Zl 

™" "in *" '° adheSi ° n ° £ the -terl.1 

Figs. 7(b) and 7(c) are proposed for formation of the cathodes 

The rib 109 shown in Pig. 7(o) ls formed 
downwardly or invertedly tapered shape m section to prevent the 
cathode material from reaching a lower portion of the rib 109 
Alternatively, the rib 10, may be formed into a T-li*. sha P e in 

IZTl T V ^ tapered shepe. resulting in a 

shade being formed under the rib 109. 

?! ri " 10 ' ShOWn Pi9 - 7(c > 18 l"to an 

de^ed onT' S ° Clth ° ae * »"^.ly 

loT ^ / ll h ° r !! nlC _ EL ^ 105 «~;« the'rib 7 



109. This permits 
on the other side of the rib 109. 



In the rib 109 shown in vin tr**\ 

* suown in fig, 7(b) proposed in order f« 

improve the rib of Fig. 7( a ) a r «. , 

althou 9h the invertedly tapered 
configuration of th*» ,«« . . . 1 "- a P er ea 



mat -_4 Al ' •* Prevents tne cathode 

material from reaching the shade under the rib 109 it fails to 
permit the organic EL laver los f nr ™ a< , , t0 
cathodes 109 to he 7 T Pri ° r t0 form *tion of the 

^atnodes 109 to be formed on the shade of the rib 109 Thus 

ri ch : h T ode m r eriai intrudes int ° * - - - s 

circuit- ^ laYer 105 fallS t0 be • shcrt- 

r : 9 rr between the an ° des 103 — cathodes 06 . 

substrate 102 I ±n Fl9 - ?(b) reqU±reS t0 "t-t. the 

substrate 102 during formation of the organic EL layer 105 to 

thereby permit an organic material for- ^ / 
t-« .» . wateraai for the organic EL layer 105 

to be deposited under the rib 109. Also . in the rib 109 of Pig 

Into'the i re<IUired ^ SUb36Ct ^ r±b 109 to to form « 

rib 109 on In 7 aft6r SUCh cement of 

rib 109 on the anode 103 as shown in Fig. 7(a). 

In the rib 109 shown in Fig i( c \ an <n „ 
of the ribs mo ,# M ^crease in height 

the ribs 109 and oblique deposition of the cathodes 106 on the 
organic EL layer 105 cooperate with each ot-H- ™° aes 106 on the 

veiraze witn each other to separate the 
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cathodes 106 from each other. However, requirements on an aspect 
ratio (height /width) in section of the rib 109 renders an 
increase in height of the rib substantially difficult. Also, the 
oblique deposition causes a direction in which patterning of the 
ribs 109 is carried out to be limited to only a vertical 
direction or a manner in which the patterning is carried out to 
be limited to only a stripe-like manner, to thereby fail to 
provide complicated patterning of the ribs 109 which permits 
bending or meandering of the cathodes 106. 

The present invention has been made in view of the 
foregoing disadvantage of the prior art. 

Accordingly, it is an object of the present invention to 
provide an organic EL device which is capable of permitting 
insulation between electrodes during patterning of the electrodes 
to be reliably and readily ensured. 

It is another object of the present invention to provide 
a method for manufacturing an organic EL device which is capable 
of reliably and readily accomplishing Insulation between 
electrodes during patterning of the electrodes. 

In accordance with one aspect of the present invention, 
an organic EL device is provided. The organic EL device Includes 
a substrate, on which first electrodes and second electrodes are 
arranged. The first electrodes and/or second electrodes are 
formed to be transparent. The organic EL device also includes an 
organic EL layer including a luminous layer and arranged on the 
first electrodes. The second electrodes are arranged on the 
organic EL layer. The organic EL device further includes 
electrode separation sections arranged so as to separate the 
second electrodes from each other while insulating them from each 
other and each including a plurality of insulating ribs 
Juxtaposed to each other at predetermined intervals. The 
electrode separation sections are arranged on the first 
electrodes or in proximity to a periphery of the first 

les. 

In a preferred embodiment of the present invention, the 
ribs each have an aspect ratio in section thereof set to be 1 to 
5. 
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in a preferred embodiment of the present invention, the 
ribs are so formed that upper ends of side walls thereof opposite 
other " reSPCCtlVely Pr ° 3ect in sections opposite to each 



In a preferred embodiment of the present invention, the 
first electrodes and second electrodes are arranged in a stripe- 

^1\T S ° T ^ " natriX iD co <* e «"°* with each other. 

The ribs each are arranged between the second electrodes 

in a preferred embodiment of the present invention, the 
first electrodes and second electrodes each are arranged in a 
predetermined pattern. The ribs are arranged around the second 
electrodes to which a voltage are concurrently applicable 

,„« , ! Preferred of the present invention, an 

insulating layer is formed on the substrate and around the first 
electrodes so as to expose a desired luminous section. 

In accordance with another aspect of the present 
invention, a method for producing an organic EL device which 
includes first and second electrodes, an insulating substrate 
and an organic EL layer including a luminous layer and arranged 
on the first electrodes, wherein the first electrodes and/or 
second electrodes are formed to be transparent . the first 
electrodes are arranged on the insulating substrate, and the 
second electrodes are formed on the organic EL layer is provided 
The method includes the steps of arranging a plurality of ribs on 
each of electrode separation sections for separating the second 
electrodes from each other in a manner to be spaced from each 
other at predetermined intervals and positioned on the first 
electrodes and in proximity to a periphery of the first 
electrodes, laminating the organic EL layer on the first 
electrodes from above the ribs, and depositing the second 
electrodes on the organic EL layer from above the ribs . 

These and other objects and many of the attendant 
advantages of the present invention will be readily appreciated 
as the same becomes better understood by reference to the 
following detailed description when considered in connection with 
the accompanying drawings; wherein; 

Fig. i ls a sectional side elevation view showing an 



embodiment of an organic EL device according to the present 
invention; 

Fig. 2 is a partially cutaway plan view of the organic EL 
device shown in Fig. 1; 

Figs. 3(a) to 3(h) each are a sectional side elevation 
view showing each of steps in manufacturing of the organic EL 
device shown in Fig. 1; 

Figs. 4(a) and 4(b) are diagrammatic views showing 
deposition in formation of a conventional organic EL device and 
deposition in formation of an organic EL device of the present 
invention, respectively; 

Figs. 5(a) and 5(b) each are a plan view showing 
patterning of electrodes and ribs in the present invention by way 
of example; 

Fig. 6 is a sectional side elevation view showing an 
example of a conventional organic EL device; and 

Figs. 7(a) to 7(c) each are a sectional side elevation 
view showing another example of a conventional organic EL device. 

Now, the present invention will be described in detail 
with reference to Figs. 1 to 5(b). 

Referring first to Figs. 1 and 2, an embodiment of an 
organic EL device according to the present invention is 
illustrated. An organic EL device of the illustrated embodiment 
generally designated at reference numeral 1, as shown in Figs. 1 
and 2, includes a substrate 2 of a rectangular shape which is 
formed of a transparent insulating material such as glass or the 
like and adapted to act as a base. The substrate 2 is provided 
thereon with a transparent conductive film, which is made of 
indium tin oxide (ITO) or the like. The transparent conductive 
film is formed into a thickness of about 100 nm (for example, 150 
nm) by physical vapor deposition (PVD) such as vacuum deposition, 
sputtering or the like. Then, the transparent conductive film is 
subject to etching using a photoresist pattern, to thereby be 
patterned into a predetermined pattern configuration, resulting 
in anodes 3 which act as first electrodes being formed. 

In the illustrated embodiment, the anodes 3, as shown in 
Fig. 2, are arranged so as to be spaced from each other at 
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predetermined intervals in a stripe-like manner. Also, the 
anodes 3 each are formed so as to extend at an end thereof to an 
end of the substrate 2 and connected to a drive circuit (not 
shown) . 

The substrate 2 is formed thereon with an insulating 
layer 4 so as to surround an edge section 3a defined around a 
pattern formed by the anodes 3. as shown in Fig. 3(b). The 
insulating layer 4 is made of a photosensitive polyimide 
material, SiO, or the like. When the photosensitive polyimide is 
used for the insulating layer 4. it is formed into a film by spin 
coating, which is then selectively exposed to ultraviolet rays 
resulting in a desired region being formed. Then, the film is ' 
developed and heated, leading to formation of the insulating 
layer 4 . The insulating layer 4 thus formed functions to form a 

f^r ° n 6aCh ° f ^ an ° deS 3 ' C ° Ver fine Projections 

formed on the edge section 3a during pattering of the anodes 3 

and prevent short-circuiting between the anodes 3 (positive 

electrodes) and cathodes (negative electrodes) described 

hereinafter due to concentration of an electric field at the edge 
section 3a. u 

The anodes 3 are formed thereon with an organic EL layer 
5 laminatedly or by lamination. The organic EL layer 5 is made 
of an organic compound and includes a luminous layer. The 
organic EL layer 5 is deposited in the form of a thin film by PVD 
such as. for example, molecular beam deposition, resistance 
heating or the like. 

in the illustrated _embodiment. the organic EL layer 5 as 
shown in Fig. i. is constructed into a three -layer structure. 

ToZ Hr 1 ! 7 ' " inClUd6S 3 CUPC ° r9aniC fil * 5a 1* the 

form of a film having a thickness of several nm to tens of nm 

(for example 40 nm) so as to act as a hole transport layer and 

arranged on the anodes 3. Also th*» nman^ rr , 

«aso, rne organic EL layer 5 includes 

an organic film 5b formed of ct -NPD (N.N'-bis-(i-naphthyl)-N 
diphenyl benzidine) so as to have a thickness of tens of nm (for 
example. 20 nm) and arranged on the CuPc organic film 5a so as to 
act as a hole transport layer. Further, the organic EL layer 5 
includes an Alq, organic layer 5c made in the form of a film 
having a thickness of tens of nm (for example. 50 nm) and 
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arranged on the a-NPD organic layer 5b so as to act as both a 
luminous layer and an electron injection layer. 

Alternatively, the organic EL layer 5 may be constructed 
of only a luminous layer or a combination of the luminous layer 
and a charge transport layer (a hole transport layer, a hole 
injection/transport layer, an electron injection layer, an 
electron injection/transport layer or the like). More 
particularly, it may be constructed into, for example, a single 
layer structure including only the luminous layer, a two-layer 
structure including the luminous layer and hole transport layer 
a two- layer structure including the luminous layer and electron' 
injection layer, a three-layer structure including the hole 
transport layer, luminous layer and electron injection layer or 
the like. 

When the organic EL layer 5 is constructed in such a 
manner that the luminous layer per se carries out luminescence, 
the luminous layer may be made of. for example. Alq J# dlstyryl 
allylene or the like. Alternatively, when the luminous layer is 
doped with a separate luminous material (dopant), leading to 
luminescence of the luminous layer, quinacridon (Qd). a dyestuff 
for laser or the like may be used as the dopant . 

The electron injection layer may be made of an elemental 
metal material decreased in work function such as. for example, 
Li. Na. Mg. Ca or the like or an alloy material decreased in work 
function such as Al-Li. Mg-In. Mg-Ag. LiP or the like in order to 
facilitate Injection of electrons thereinto. 

The organic EL layer 5, as shown in Fig. 1, is formed 
thereon with cathodes 6 . which are formed of a thin metal film so 
as to act as a second electrode. The cathodes 6 are made of an 
elemental metal material decreased in work function such as Al. 
Li, Mg. Ag, m or the like or an alloy material reduced in work 
function such as Al-Li. Mg-Ag or the like. The cathodes 6 are 
made in the form of a film having a thickness between tens of nm 
and hundreds of nm (for example. 100 nm) by PVD such as molecular 
beam deposition, resistance heating or the like and arranged in a 
predetermined pattern. 

In the illustrated embodiment . the cathodes 6 . as shown 
in Fig. 2, are formed so as to be spaced from each other at 
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predetermined intervals in a ni_ 

m » *« stripe-like manner while extending 

in a direction perpendicular to the anodes 3. resulting in 
cooperating with the anodes 3 to define a matrix. The anodes 3 
organic EL layer 5 and cathodes 6 cooperate together to provide' 
an element 7 having a thickness of l nm to hundreds of nm and 

7lIZ°s d C f?7 ' 2 ^ °* 3 a P ° rtl0n " «- organic 

L I V ^ * P ° Sitl0n at WhlCh each <* the anodes 3 

TctlT* T Cath ° deS 6 ° VerlaP ° ther *™ id " * ^nous 

" Ind of "th r h ° deS 6 eaCh ~ l6d ° Ut at " end f to 

an end of the substrate 2 resulting 

. . resulting in being connected to a 

drive circuit (not shown). 

above ° rd r t0 atta±n Patternln * of «« cathodes 6 described 

t Z T k ~ Pr ° Vided therCOn Wlth a PtaUt, of ribs 

or in \£ iir: TIT" ^ eaCh ° f eleCtr ° dC ^~ 3 ions 
which t ! embodiment, cathode separation regions at 

In th t ^ 1 Ca f° deS are ••P«»t* from each other for insulation, 
each Li , emb0dln,Cnt ' *~ «* ™* > are Juxtaposed to 

IT°1»\ ° f ^ eleCtr ° de ^ration regions so as to 

in at 3 P " de — * nerval «. as shown 

m^tlrH; h ribS 9 ^ be made ° f ^sulating 

material such as a photosensitive polyimide material a 

Photosensitive resist, a photosensitive dry film. Si0l or the 
• In formation of the photosensitive polyimide 
osensitive resist or photosensitive dry film into the rib 9 
the material is formed into a film by spin coating. Then, the 
film is selectively irradiated with ultraviolet rays to obtain 
TolZtZTZ' IT"" bY deVel °— Photosensiti" 

resulting in being converted from a precursor thereof into 
polyimide. SiO, is formed into a film by chemical vapor 

IZTfllT' T ^ there ° n W±th a ^-osensitive 

resist film by spin coating, followed by irradiation of 

ultraviolet rays and development . resulting i„ a pattern of the 
photosensitive resist film nat^m / P^tern of the 

I1JJn P at tern being formed. Then, the 
pattern is masked to sublect c-m «n 

resist SUD Jact the SiO, film to etching and then the 

lilt™ t< ? reSultin 9 in rib 9 being formed. 

Alternatively, the SiO, film may be formed directly on the 
substrate 2 by means of a mask by PVD such as EB deposition 
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sputtering or the like. 

Also, in the illustrated embodiment , the stripe-like 
cathodes 6 and stripe-like anodes 3, as described above, are 
arranged so as to extend in directions perpendicular to each 
other to define the matrix. Thus, the ribs 9 each are arranged 
on the anodes 3 so as to extend perpendicularly to the anodes 3 
while intersecting the anodes 3. 

Then, the ribs 9 thus formed on the anodes 3 have the 
cathodes 6 deposited thereon through the organic EL layer 5, so 
that the cathodes 6 may be separated from each other through a 
gap of the interval H defined between the ribs 9 juxtaposed to 
each other. This permits the cathodes 6 to be insulated from 
each other and arranged in a predetermined pattern. 

The ribs 9 juxtaposed to each other each preferably have 
an aspect ratio (height /width) of 1 to 5 and preferably 2. More 
particularly, the rib preferably has dimensions of 1 to 100 Mm 
(for example, 10 Mm) in width and 1 to 200 Mm (for example, 20 
Mm) in height. Also, the interval H between the ribs 9 is not 
limited to any specific size. However, the interval H is 
desirably minimized to prevent short-circuiting between the 
cathodes 6 due to intrusion of the cathode material therebetween. 
For example, the rib 9 may have a width of 10 Mm and a height of 
20 Mm and the interval H may be formed into a size as small as 10 
Mm. Also, an increase in the number of ribs 9 juxtaposed to each 
other permits an increase in the number of intervals H through 
which the cathodes are separated from each other. However, 
excessive arrangement of the ribs 9 causes space efficiency to be 
deteriorated, thus, the interval H between the ribs 9 is 
desirably minimized. For example, the interval H as small as 5 
to 50 Mm is advantageous. 

The substrate 2 on which the element 7 is thus formed is 
fixedly mounted thereon with a seal substrate 11 of a rectangular 
shape through a sealant or seal film 10 arranged on an outer 
periphery of the substrate 2, as shown in Fig. 3(h). Mounting of 
the seal substrate 11 on the substrate 2 is carried out in a dry 
atmosphere such as dry inert gas (for example, dry nitrogen), dry 
air or the like from which a moisture is substantially removed. 
The sealant 10 may be constituted by an organic adhesive such as 
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an ultraviolet curing agent, thermosetting resin such as epoxy 
resin or the like. The seal substrate U may be made of. for 
example, metal, glass, ceramic, resin, porcelain enamel or the 
like. The seal substrate 11 functions to protect the anodes 3 
organic EL layer 5 and cathodes 6. 

In the organic EL device 1 constructed as described 
above, when a drive voltage is applied between the anodes 3 and 
the cathodes 6 from the drive circuit (not shown) to permit a 
constant current to flow therethrough, the organic EL layer 5 has 
positive holes injected thereinto from the anodes 3 and electrons 
injected thereinto from the cathodes 6. Then, the positive holes 
and electrons thus injected are recombined with each other in the 
organic EL layer 5 to produce excltons . so that the organic EL 
layer may exhibit desired display due to emission of light from 
the excitons upon deactivation thereof. Such luminescence of the 
organic EL layer 5 is observed from an outside of the substrate 2 
through the anodes 3 which are transparent. 

Now, manufacturing of the organic EL device 1 will be 
described with reference to Figs. 3(a) to 3(h). 

Manufacturing of the organic EL device 1 is started by 
arranging the substrate 2 in a chamber (not shown) and forming 
the transparent conductive film 3 of, for example, 150 nm in 
thickness on a surface of the substrate 2. Then, the transparent 
conductive film 3 is subject to etching using a photoresist 
pattern to form the stripe-like anodes 3. as shown in Fig. 3(a) 

The transparent conductive film 3 may be formed by 
sputtering commonly practiced in the art . However the 
sputtering causes the transparent conductive film 3 formed to be 
Polymerized, resulting in flake-like ruggedness being formed on 
the surface of the transparent conductive film 3 due to a crystal 
grain boundary of the polymerized transparent conductive film 3 
Thus . the transparent conductive film 3 is preferably formed 
whxle being kept noncrystalline or amorphous. For example, use 
of an amorphous transparent conductive film commercially 
available under a tradename Idemltsu Indium X-Metal Oxide from 
Idemltsu Kosan Kabuch-t v< 7 a ^w. * * . . 



conductive film permits 
surface smoothness . 




* 



Also, the transparent conductive film 3 made of a 
noncrystalline transparent conductive film such as IDIXO or the 
like may be subject to mask deposition for desired patterning of 
the anodes 3 during the formation. Alternatively, the 
transparent conductive film may be subject to patterning by 
conventional photolithography after formation thereof. 

Then, after the anodes 3 are thus formed, the insulating 
layer 4 is deposited in the form of a film of, for example, 1 Urn 
in thickness on the substrate 2 so as to cover the edge section 
3a defined around the pattern of the anodes 3. Formation of the 
insulating layer 4 may be carried out by spin coating. Then, the 
insulating layer 4 is selectively exposed to irradiation of 
ultraviolet rays, resulting in desired regions being obtained. 
Then, it is developed and subject to a treatment for lmi de 
formation. This permits the insulating layer 4 to provide the 
luminous section 8 associated with the anodes 3. 

Then, formation of the ribs 9 is carried out. The ribs 9 
are so arranged that a plurality of the ribs 9 (for example, two 
such ribs 9} are juxtaposed to each other at each of the 
electrode or cathode separation regions so as to be spaced from 
each other at the predetermined interval H (for example, 10 Mm). 
The ribs 9 each are formed into dimensions of 10 tfm in width and 
20 Mm in height so that an aspect ratio (height /width) thereof 
is, for example, 2. The rib 9 is made in the form of a film by 
spin coating and then selectively irradiated with ultraviolet 
rays, to thereby be formed into a predetermined pattern. 
Subsequently, the film is developed and subject to a treatment 
for imide formation, as shown in Fig. 3(c). 

Thereafter, the organic EL layer 5 is provided in the 
form of a film on the anodes 3 by PVD such as molecular beam 
deposition, resistance heating or the like. For this purpose. 
The anodes 3 are formed thereon with the CuPc organic film 5a so 
that the film may have a thickness of, for example, 40 nm, as 
shown in Fig. 3(d). Then, the a-NPD organic film 5b is formed in 
a thickness of, for example, 20 nm on the CuPc organic film 5a, 
as shown in Fig. 3(e). Then, the Alq 3 organic film 5c is formed 
in a thickness of, for example, 50 nm on the a-NPD organic film 
5b, as shown in Fig. 3(f), resulting in the organic EL layer 5 



12 



being obtained. 



Subsequently, the cathodes 6 eech are formed of Al-Ll and 

deposited in the form of a thin metal film ™ ... 

,_„„ . . „_ nln meta l film on the organic EL 

layer 5 by PVD. The cathodes 6 are formed in . stripe-like 

ZZZ T Z " l ° " tend 10 * ai " etl0n ^»Oic»l«r to the 
anodes 3 The cathodes 6 are deposited in a thictoess of . for 
example. 100 nm. During the deposition, the cethodes 6 are 

Z T»Tt f r °" -* ° ther thI0U9h the » " f 'he interval H 
defined between the ribs 9 Juxtaposed to each other, resulting in 
being arranged in a strlpe-UXe manner while being insulated from 
each ether, as shown in Fig. 3( „. This results in the substrate 
2 being formed thereon with the element 7 wherein the organic EL 

,Z B l t" 1 r inat#dly lnt,rPOMd *•*-•» elides 
(anodes 3 and cathodes 6) constituting a matrix. 



predetermined 
proximity 



periphery of the seal substrate 11 t» 7y " T °" er 
or seal film in „„ .* U ° Str " e t0 there "y form the sealant 
or seal film 10 on the seal substrate 11. Then, the substrate 2 

10 ^ for^f S " ° £ ^ SM1 SUb5tra " 11 " *»* «>« »«1 film 
10 is formed. Then, load at a predetermined level ls to 

the substrate 2 and seal substrate 11 by means of any suitabU 
™ 9 "™ SU ° h " "* 8laStiC CllP ° r the * thereb^ 

Provide an aseamhlv im J 



provide an assembly. Ther^fT OT . «-k tnereDy 
ulfr;(v1ftl . 7 Thereaf ter. the assembly is irradiated with 

ultraviolet rays through the substrate 2 Thi* ™.-«- 
the seal film in *.w 2 ' This Permits curing of 

the seal film 10, so that an interval between the substrate 2 and 

:T S ni::LTT e 11 may be kept constant * ^ — • 

"g 3(h). ° r9an ^ C l L __ deVlCe 1 bei ° 9 finiSh6d as shown in 

ea.h ^ d6SCribed aboVe ' the rib * > «e *ept Juxtaposed to 

oredet < „ °* Cl6Ctr ° de Separatio * ^lons with the 

predetermined interval H being formed therebetween during 

deposition of the cathodes 6. This permits movement of I 

material for the cathodes 6 from an upper surface of each rib 9 

toward a side surface thereof to be blocked by the gap of the 

P^ nedtT * ^ " ThlS ™ — tne^ 8 . 

partitioned by the ribs 9 Juxtaposed to each other may be 
positively insulated from each other by separation. 
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Also, formation of the cathodes 6 while keeping the ribs 
9 juxtaposed to each other permits the number of side surfaces of 
the ribs at each of the electrode separation regions to be 
increased; so that a failure in insulation between the cathodes 
may be minimized or substantially prevented even when the cathode 
material is substantially vertically downwardly deposited from 
right above the ribs 9. 

More specifically, it is considered that in order to 
prevent movement of the cathode material to the side surface of 
the rib when a single rib is arranged at each of the electrode 
separation sections as in the prior art, deposition of the 
cathode material for formation of the cathode is carried out at 
an angle of 10* or more based on a normal direction of the 
substrate 2 from one side surface of the rib. to thereby prevent 
the cathode material from being applied to the other side surface 
of the rib. On the contrary, juxtaposition of two such ribs 9 to 
each other in the illustrated embodiment permits the angle 
described above to be as small as about 5* . Arrangement of three 
such ribs 9 effectively prevents a failure in insulation between 
the cathodes even when the angle is reduced to a level as low as 

1 to 2 . 

♦ 

Thus, in order to increase a deposition angle or an angle 
at which the deposition is carried out. as shown in Fig. 4(a) i<- 
is required to arrange the substrate 2 away from a deposition' 
source from which the cathode material is emitted as shown in 
"-.4(a). This causes only a part of the cathode material to be 
merely utilized for deposition of the cathodes . On the contrary 
the illustrated embodiment permits the deposition angle to be 
significantly reduced, so that the substrate may be positioned 
right below the deposition source as shown in Fig. 4(b). 
resulting in the cathode material emitted from the radiation 
source being effectively utilized for the deposition. 

Also, as described above, a reduction in deposition angle 
of the cathode material in the illustrated embodiment eliminates 
a necessity of increasing a height of the ribs which is required 
in the prior art. Thus, the illustrated embodiment permits an 
aspect ratio (height /width) of the ribs to be within a range of l 
to 5. resulting in manufacturing of the ribs 9 being facilitated 
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Further, an Increase in deposition angle of the cathode 
material causes a shade to be formed on the other side surface of 
the rib as in the prior art, so that the deposition is limited to 
that from one surface of the rib. Thus, an increase in 
deposition angle as in the prior art causes a configuration of 
the rib to be limited to a linear configuration in correspondence 
to a pattern of the stripe-like cathodes. On the contrary, the 
illustrated embodiment permits deposition of the cathode material 
to be carried out vertically downwardly from right above the 
substrate 2. so that the rib may be formed into any desired 
configuration in correspondence to a configuration of the cathode 
pattern such as a cathode pattern constituted by a plurality of 
segments, a fixed character pattern or the like other than the 
stripe-like cathode pattern. 

Figs. 5 (a) and 5(b) each show a cathode pattern which may 
be applied to the illustrated embodiment by way of example. In 
Fig. 5(a). the anodes 3 are constituted by a plurality of 
segments arranged in a letter-eight-shaped pattern and 
correspondingly the cathodes 6 are arranged in a pattern which 
permits a voltage to be concurrently applied to the segments of 
each letter-eight-shape pattern. The ribs 9 are arranged around 
such cathode patterns. In Fig. 5(b). in correspondence to the 
anodes 3 arranged in a letter-eight-shaped pattern constituted by 
a plurality of segments, the cathodes 6 are arranged in a pattern 
which permits a voltage to be concurrently applied to the 
segments of the anode patterns positionally corresponding to each 
other. The ribs are arranged in a manner to bend and/or meander 
along the cathode pattern. The ribs thus arranged permit the 
cathodes 6 to be freely arranged in any desired pattern while 
ensuring satisfactory insulation between the cathodes. 

In addition, arrangement of the ribs 9 in juxtaposition 
to each other at each of the electrode separation regions permits 
the ribs to be formed into any desired configuration. For 
example, the ribs each may be formed into an lnvertedly or 
downwardly tapered shape in section or an inverted L-shape in 
section wherein upper ends thereof opposite to each other project 
at an edge thereof in directions opposite to each other. When 
three or more such ribs are juxtaposed to each other, an 
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intermediate rib interposed between both outermost ribs may be 
formed into a T-like shape. Such formation permits the gap of 
the interval H between the ribs juxtaposed to each other to 
effectively prevent the cathode material from intruding between 
the ribs 9, leading to an increase in insulation between the 
cathodes . 

In this connection, the prior art has a problem that a 
lack of the organic EL layer 5 on a portion of the substrate 2 on 
which the above-described shade is formed causes short-circuiting 
between the anodes 3 and the cathodes 6. On the contrary, the 
illustrated embodiment eliminates the problem because the 
interval H between the ribs juxtapose to each other does not 
participate in application of a voltage to the cathodes. 

However, formation of the ribs into the Invert edly 
tapered shape in section or the like requires an additional 
complicated step of forming such a shape. Mere juxtaposition of 
the ribs 9 to each other without forming the ribs into such a 
complicated shape provides satisfactory insulation between the 

Thus, such juxtaposition accomplished by a simple step 
-undent to permit the illustrated embodiment to effectively 
exhibit the above-described object of the present invention. 

In the illustrated embodiment, the first electrodes 
formed on the substrate 2 are constituted by the anodes 3 and the 
second electrodes formed on the organic EL layer 5 are 
constituted by the cathodes 6. wherein the ribs juxtaposed to 
each other ensures patterning of the cathodes 6 and insulation 
**" Alternatively, the illustrated embodiment may be so 

constructed that the first electrodes are constituted by the 
cathodes 6 and the second electrodes are constituted by the 
anodes 3. resulting in the ribs 9 juxtaposed to each other 
ensuring patterning of the anodes 3 and insulation thereof. In 
this instance, such substitution between the anodes 3 and the 
cathodes 3 requires that the organic EL layer 5 is constructed 
into a laminate structure contrary to the laminate structure 
described above and the seal substrate 11 is made of a 
transparent material. 

♦ 

As can be seen form the foregoing, the organic EL device 
of the present invention is so constructed that a plurality of 
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the ribs juxtaposed to each other are arranged at each of the 
electrode separation regions through which the second electrodes 
are separated from each other for insulation. Such construction 
permits the gap of the predetermined interval between the ribs 
juxtaposed to each other to prevent the material for the second 
electrodes from advancing through the top surface of the ribs to 
the side surface thereof, to thereby ensure positive insulation 
between the second electrodes. 

Also, the ribs each have an aspect ratio set to be 1 to 
5. resulting in formation of the ribs being facilitated. 

Further, the ribs may be formed into a shape which 
permits the upper ends of the side surfaces of the ribs opposite 
to each other to project in directions opposite to each other 
Formation of the ribs into such a configuration more effectively 
prevents the material for the second electrodes from moving to 
the gap between the ribs , to thereby further enhance insulation 
between the second electrodes. 

In addition, juxtaposition of the ribs to each other 
permits an Increase in the number of side surfaces of the ribs 
to thereby effectively prevent the material for the second 
electrodes from moving to the gap between the ribs. This 
prevents a failure in insulation between the second electrodes 
even when the material for the second electrodes is deposited on 
the substrate from right above the substrate. This permits the 
second electrodes to be arranged in a complicated pattern 
corresponding to a fine pattern of the first electrodes. 

While preferred embodiments of the invention have been 
described with a certain degree of particularity with reference 
to the drawings, obvious modifications and variations are 
possible in light of the above teachings. It is therefore to be 
understood that within the scope of the appended claims , the 
invention may be practiced otherwise than as specifically 
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♦ 



CLAIMS 



1. An organic EL device comprising: 
a substrate; 

first electrodes and second electrodes arranged on said 



at least one of said first electrodes and second 
electrodes being formed to be transparent; 

an organic EL layer including a luminous layer and 
arranged on said first electrodes; 

said second electrodes being arranged on said organic EL 
layer; and 

electrode separation sections arranged so as to separate 
said second electrodes from each other while insulating them from 
each other and each including a plurality of insulating ribs 
juxtaposed to each other at predetermined intervals; 

said electrode separation sections being arranged on said 
first electrodes or in proximity to a periphery of said first 



2. An organic EL device as defined in claim 1. wherein 
said ribs each have an aspect ratio in section thereof set to be 
1 to 5. 

3. An organic EL device as defined in claim 1 or 2. 
wherein said ribs are so formed that upper ends of side walls 
thereof opposite to each other respectively project in directions 
opposite to each other. 

4. An organic EL device as defined in any one of claims 
1 to 3. wherein said first electrodes and second electrodes are 
arranged in a stripe -like and so as to define a matrix in 
cooperation with each other; and 

said ribs each are arranged between said second 



5. An organic EL device as defined in any one of claims 
1 to 3, wherein said first electrodes and second electrodes each 
are arranged in a predetermined pattern; and 

said ribs are arranged around said second electrodes to 
which a voltage are concurrently applicable. 

6. An organic EL device as defined in any one of claims 
1 to 5, further comprising an Insulating layer formed on said 
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«a « organic EL W L„t " substrate. 

s.M organic .1^^ ZTT ^ — " 

predetermined intervals and positioned «„ «/ 
- in profit, to a 
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